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Dynamic identiﬁcation of H2 epitopes from
Leishmania (Leishmania) amazonensis cysteine
proteinase B with potential immune activity
during murine infection
Franklin Souza-Silvaa, Bernardo A. S. Pereiraa, Léa C. Finkelsteinc,
Valtencir Zucolottod, Ernesto R. Caffarenab and Carlos R. Alvesa*
Peptides from the COOH-terminal extension of cysteine proteinase B from Leishmania (Leishmania) amazonensis (cyspep)
can modulate immune responses in vertebrate hosts. With this hypothesis as base, we used the online analysis tool
SYFPEITHI to predict seven epitopes from this regionwith potential to bind H2 proteins. We performed proliferation tests
and quantiﬁed reactive T lymphocytes applying a cytometry analysis, using samples fromdraining lymph node of lesions
from L. (L.) amazonensis-infectedmice. To deﬁne reactivity of T cells, we used complexes of DimerX (H2Db:Ig andH2 Ld:Ig)
and the putative epitopes. Additionally, we applied surface plasmon resonance to verify real time interactions between
the putative epitopes and DimerX proteins. Five peptides induced blastogenesis in BALB/c cells, while only two presented
the same property in C57BL/6 mouse cells. In addition, our data indicate the existence of CD8+ T lymphocyte populations
able to recognize each tested peptide in both murine strains. We observed an overlapping of results between the
peptides that induced lymphocyte proliferation and those capable of binding to the DimerX in the surface plasmon
resonance assays thus indicating that using these recombinant proteins in biosensing analyses is a promising tool
to study real time molecular interactions in the context of major histocompatibility complex epitopes. The data
gathered in this study reinforce the hypothesis that cyspep-derived peptides are important factors in the murine host
infection by L. (L.) amazonensis. Copyright © 2014 John Wiley & Sons, Ltd.
Keywords: Leishmania (Leishmania) amazonensis; proteinases; cysteine-proteinase B; T lymphocytes epitope; surface
plasmon resonance; DimerX; H2 Db; H2 Ld
INTRODUCTION
Leishmaniasis is a vector-borne infection caused by protozoan
parasites from the genus Leishmania. The infection affects both
humans and animals and presents a diversity of clinical symp-
toms depending on the parasite species and host immunological
status. This disease is widely spread on tropical and subtropical
regions of the globe and is currently in the Americas, Africa,
Eastern Europe, Western and Central Asia, India, and Australia
(Allison, 1993; Stark et al., 2008).
Murine models of experimental infection have been broadly
used in Leishmaniasis studies. These models simulate many of
the features of human leishmaniasis and allow a high degree of
control over the desired characteristics of the host (Pereira and
Alves, 2008). This model is adequate for the study of various
Leishmania virulence factors, including cysteine proteinases (CPs).
These enzymes were initially described in tropical fruits and are
members of the papain-like protease family. They have a similar
catalytic mechanism to that of serine proteinases, although the
arrangement of the catalytic site is different, because it involves a
cysteine residue with a nucleophilic thiol group (Turk et al., 2012).
Although there are more than 65 types of proteinases in
Leishmania species (Mottram et al., 2004), only three have been
extensively studied in these parasites: CPA, CPB, and CPC; CPB
is the focus of the present study. This protein is homologous to
L-cathepsin and contains a distinctive COOH-terminal extension
of approximately 90 amino acids that is cleaved in the mature
enzyme (Duboise et al., 1994).
In both Leishmania (Leishmania) mexicana and Leishmania
(Leishmania) amazonensis, CPB has been reported to inﬂuence
and disrupt the mammalian host immune response (Silva-Almeida
et al., 2012). It is believed that its function may be related to
either the inhibition of type 1 T helper cell (Th1) response and/or
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the induction of a type 2 (Th2) response in mammalian hosts. This
T lymphocytes modulation results in an ineffective response of the
host immune system to the parasites (Silva-Almeida et al., 2012).
The use of puriﬁed CPs or their derived peptides in assays of
experimental Leishmania infection has proven useful for under-
standing the balance between Th1/Th2 responses. Additionally,
puriﬁed CPs will allow identiﬁcation of the factors that cause
resistance/susceptibility to Leishmania infection (Pereira and
Alves, 2008). The study of the COOH-terminal extension of CPB
from L. (L.) amazonensis (cyspep) or its derived peptides is an
important issue because when the cyspep is cleaved, its fragments
can be released into the cytosol of the host cells and may able to
regulate immune responses (Alves et al., 2005).
Two peptide sequences, P1 (VMVEQVICFD) and P6 (FCLGGGLCL),
derived from the cyspep have already been shown to possess
immunogenic properties. It is believed that these peptides have
the capacity to bind to class I major histocompatibility complex
(MHC) proteins and display biological activities in vitro and
in vivo (Pereira and Alves, 2008, Alves et al., 2004). Each of these
peptides was selected by distinct methodologies; P1 was deter-
mined by a straightforward analysis taking into account structural
and chemical properties favoring suitable interactions with MHC
proteins, while P6 was selected through neural network algo-
rithm analysis using online tools such as SYFPEITHI (http://www.
syfpeithi.de/) and PAProC (http://www.paproc.de/). Peptide P1
was shown to exacerbate lesions in L. (L.) amazonensis-infected
BALB/c mice (which was not observed in CBA mice) and stimu-
lates the proliferation of murine CD8+ T lymphocytes in vitro.
Additionally, lymph node cell cultures from infected BALB/c mice
incubated with this synthetic peptide have increased levels of
interferon-γ, interleukin (IL)-4, and nitric oxide in their superna-
tant. Cell cultures derived from CBA mice only show increased
levels of IL-4 (Alves et al., 2004).
The peptide P6was reported to increase levels of IL-10 in cultures
of lymph node cells from L. (L.) amazonensis-infected BALB/c mice.
Moreover, this peptide also interfered in the balance of distinct cell
populations. This result was suggested by a reduction in the
percentage of CD8+ T lymphocytes in cultures stimulated with
P6 (Pereira et al., 2011).
The presence of the cyspep-derived epitope and its binding stabil-
ity within H2 receptors in experimentally L. (L.) amazonensis-infected
mice is crucial for the effects of cyspep in mammalian host immune
response. The surface biosensing (Quinn et al., 2000; Hide et al.,
2002; Bergwerff and van Knapen, 2006; Velasco-Garcia, 2009) and
DimerX (Wang and Chen, 2004; Flesch et al., 2012) technologies are
powerful approaches to assess immunological parameters of
acquired immunity. The integrated use of the two approaches may
allow for the analysis of the actual formation of H2-peptide com-
plexes, thus providing a potential powerful four-dimensional system
for studying the dynamic nature of MHC epitope interactions.
In the present work, we aim to study epitopes derived from the
previously described protein fragments with proven biological
activity. We performed in vitro and ex vivo cellular immunology
assays and used surface biosensing technology to evaluate the
epitope function of peptides from cyspep.
MATERIALS AND METHODS
Chemicals
The following reagents were purchased from Sigma-Aldrich
Chemical Co (St Louis, MO, USA): dimethylsulfoxide (DMSO),
bovine serum albumin, β-mercaptoethanol, hydroxyethyl pipera-
zine ethanesulfonic acid, RPMI 1640 medium (RPMI), Schneider’s
medium, concanavalin A (Con A), and biotinylated protein G (ptn
G). Fetal calf serum (FCS) was purchased from Gibco, Invitrogen
(Brazil). Brain heart infusion (BHI) medium was purchased from
Difco (Detroit US). The synthetic peptides were produced utiliz-
ing N-protected amino ﬂuorenylmethoxycarbonyl and were
purchased from GenScript. Recombinant soluble dimeric mouse
H2 Db:Ig and H2 Ld:Ig proteins (DimerX), monoclonal anti-mouse
CD4 rat IgG conjugated to r-phycoerythrin/Cy-Chrome-5 (CD4-
PE/Cy5), anti-mouse CD8 rat IgG conjugated to ﬂuorescein
(CD8-FITC), and 5-bromo-2-deoxyuridine (BrdU) ﬂow kit were
purchased from BD Biosciences (Becton, Dickinson and Company).
The limulus amebocyte lysate QCL-1000 kit was purchased from
Lonza Group (Switzerland). All other reagents were of analytical
grade or superior.
Parasite culture
Leishmania (Leishmania) amazonensisMHOM/BR/77/LTB0016 strain
promastigotes were maintained at 28°C in Novy, MacNeal, and
Nicolle (NNN) medium and subcultured every 4 days. For use in
assays, promastigotes were grown in brain heart infusion
medium supplemented with 10% heat inactivated FCS until
reaching a density 1 × 108 cells/ml.
Theoretical deﬁnition of T lymphocyte epitopes
The two previously studied peptides (P1 and P6) were reanalyzed
using the online tool SYFPEITHI to predict the potential of
epitopes derived from these two peptides to bind mouse H2
(MHC class I) proteins. The epitope-binding potential is determined
using a bidimensional scoring matrix, where a score of eight
indicates the occurrence of conserved amino acids in speciﬁc
positions of the peptide sequence. This score value was chosen
as the cut-off for the peptides studied in the present work, as it
indicates the possibility of existence of at least one major
anchor-amino acid at the analyzed peptide sequence. Only pep-
tides with score ≥8 were chosen to in vitro and ex vivo assays.
Synthesis and quality control of peptides
The sequences predicted by the SYFPEITHI server were synthe-
sized using ﬂuorenylmethoxycarbonyl-protected amino acids.
The purity of the synthetic peptides was conﬁrmed by the anal-
ysis in a reverse-phase column, and their molecular masses were
veriﬁed by mass spectrometry. The peptides were dissolved in
100% DMSO and stored at 20°C prior to use in biological or
biochemical assays. Additionally, after dissolution, all samples
were tested for the presence of endotoxins using the QCL-1000
kit according to manufacturer’s instructions.
Blastogenesis assays
The proliferation assays were performed using cells obtained
from popliteal lymph nodes of BALB/c (H2 haplotype d) or
C57BL/6 (H2 haplotype b) mice collected at the 16th week of
infection. The lymph nodes were removed and then macerated
under refrigeration. The cells were recovered and washed
(3×, 500 × g, 10min, 5°C) in RPMI. The cells were suspended
in RPMI 1640 supplemented with 2% (v/v) FCS and 0.05% (v/v)
β-mercaptoethanol, adjusted to a density 106 cells/ml and distrib-
uted in wells of a 24-well microplate (Nalge Nunc International,
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USA). These samples were incubated (72 h, 37°C, 5% CO2 atmo-
sphere) in the presence of 1μg/ml Con A, 30μg/ml particulate
Leishmania antigen, and or 30μg/ml synthetic peptides (Alves
et al., 2004; Pereira et al., 2011). The controls were not treated
with any factors.
Approximately 24 h prior to the end of the incubation, BrdU
was added to the culture wells for cell proliferation analysis
according to manufacturers’ instructions. To control the selection
of CD8+ cells in the analysis, the cell samples were co-incubated
(15min, 4°C) with monoclonal anti-mouse CD8-FITC and washed
once in 50mM phosphate-buffered saline (PBS) (pH 7.2) by
centrifugation (500 × g, 10min, 4°C).
Subsequently, the cells were permeabilized and ﬁxed by treat-
ment with the BD cytoﬁx/cytoperm kit. Fixed cells were treated
with DNAse (300μg/ml, 1 h, 37°C), to expose DNA-associated
BrdU, and then incubated (20min, 25°C) with monoclonal anti-
BrdU rat IgG conjugated to PE in perm/wash buffer. The labeled
samples were washed in PBS (500× g, 5min, 4°C) and analyzed
(10 000 events acquired) with an FACS Calibur ﬂow cytometer
(Becton, Dickinson and company).
Phenotype labeling of T lymphocytes subsets
Cells immunostaining
Immunophenotyping assays were performed by ﬂow cytometry
analysis of mononuclear cells using monoclonal antibodies
(MoAbs) agaist CD4 and CD8 lymphocytes subsets. Both mono-
clonal antibodies were from Becton Dickinson Immunocytometry
Systems (San Jose, CA). Cells from the popliteal lymph nodes from
mice infected and uninfected with L (L) amazonensis were iso-
lated as described. Following culture, 2.0ml containing approxi-
mately 106 cells in 100μl PBS of cell suspension was transferred
to microtubes and washed in PBS (centrifuged three times at
500 × g for 5min at 4°C). Then, the supernatant ﬂuid was
discarded, and the cell pellet was resuspended and incubated
with 1μl of monoclonal anti- CD4/pe/Cy5 and CD8- FITC for each
microtube and incubated for 1 h at room temperature in dark.
Then, the cell suspension was centrifuged for 5min at 500 ×g;
the supernatant ﬂuid was discarded and the cell pellet was
resuspended in cold PBS (pH 7.2) and centrifuged again. The last
step was repeated. Finally, the cell pellet was resuspended in 1ml
of 0.5% formaldehyde in PBS, and cell suspension was kept in the
dark at 4°C until ﬂow cytometry analysis.
Flow cytometry analysis
A total of 10 000 events per tube were acquired with ﬂuores-
cence activated cell analyzer (FACScan, San Jose, CA) with CELL
QUEST software (Cell QuestTM Software, Becton Dickinson
Immunocytometry Systems). The following parameters were
considered: forward scatter to evaluate cellular size, side scatter
to evaluate cellular complexity, and analysis of cell marker
expression with ﬂuorescence analysis by FL1 (green) and FL2
(orange) in logarithmic scale, which represents the reaction
antigen–antibody conjugated to ﬂuorescein isothiocyanate and
PE, respectively.
Surface plasmon resonance analysis
The SPR analyses were performed on carboxyl sensor chips
coated with neutravidin (Biocap; Nomadics, USA). Ptn G (total
volume 5μL, 0.2μg/ml) was immobilized onto the surface of
these chips and used to anchor DimerX proteins (2μl, 1μg/ml)
prior to the binding assay. The binding of the synthetic peptides
to the immobilized DimerX proteins was assessed using peptide
solutions (100μl, 20μg/ml, 10μl/min) in PBS with 0.1% DMSO
(running buffer). The binding assays were registered in real time
using a sensorgram, where changes in the SPR angle (θ spr) were
measured as arbitrary resonance units (RU). The RU signals of the
samples were analyzed after subtraction of the RU values from
the reference channel, to avoid methodology artifacts. All SPR
analyses were conducted in a SensíQ Pioneer optical transduc-
tion biosensor (ICx Nomadics Inc, USA).
Kinetic constants
The kinetic constants were extracted from SPR assays. The asso-
ciation (ka) and dissociation (kd) rates for the peptides/DimerX
complex formation were calculated based on the analysis of
the sensorgram graphs obtained in the assays. The kinetic values
were obtained after the analysis of SPR assays using QDAT soft-
ware (Icx Nomadics, USA).
Afﬁnity constants and estimation of Gibbs free energy
The equilibrium constant (Keq) for the complexes formed
between the peptides and DimerX molecules was derived
(Equation 1) from the ka and kd data previously obtained in
the SPR analysis.
Keq ¼ kakd (1)
The values of Gibbs dissociation free energy for each DimerX:
peptide complex were also assessed. This variable (ΔG°) is an
indicative of the spontaneity of the supramolecular complex
formation, under constant pressure and temperature (Equation 2).
⊿G° ¼ -RT ln Keq: (2)
Statistical analysis
We applied Student’s t-test to compare results, assuming equal
variance among the samples. The assays were performed in
triplicate. The data matrices were considered signiﬁcantly different
when the p-value was below 0.05.
RESULTS
Assessment of antigenic potential of predicted major histo-
compatibility complex-binding peptides
The computational processing of sequences P1 and P6 by the
SYFPEITHI server identiﬁed seven derived sequences that
theoretically are able to bind MHC molecules. There were three
sequences derived from P6 and four derived from P1. The se-
quences, predicted scores and molecular masses of the peptides,
are shown in Table 1. For this study assays, synthetic peptides
corresponding to the selected sequences were purchased from
GenScript (USA) and had a purity of 95%. All tested synthetic
peptides were conﬁrmed to be endotoxin-free.
The potential of the synthetic peptides to induce blastogenesis
in popliteal lymph node cells from L. (L.) amazonensis-infected
F. SOUZA-SILVA ET AL.
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mice (strains C57BL/6 and BALB/c) in culture was assessed using
the BrdU staining technique.
Through a combination of CD8+ and BrdU labeling in the cell
cultures, we performed a quantitative investigation of the
proliferation stimulus that each predicted epitope exerted upon
cytotoxic lymphocytes. In general, the percentage of CD8+ cells
in the cultures ranged from 13% to 18%.
We observed that cells from infected mice of both strains
increased the proliferative response when Con A was added to
the cell cultures. The CD8+ cells from C57BL/6 mice had a 6.0
(p= 0.00035) and from BALB/c 8.7 (p=0.00098) fold increased
proliferation rate compared to non-stimulated cells (Figure 1).
The proliferation of CD8+ cells in culture induced by co-
incubation with particulate Leishmania antigen was also assessed.
The results indicated a proliferation rate of 1.3 (p=0074) times for
C57BL/6 cells and 3.3 (p=0.0059) times for BALB/c cells (Figure 1),
compared with the control wells. The control cells were incubated
only with culture media.
When the cells were treated with the synthetic peptides, we
noted that peptides P1.1 and P1.4 induced proliferation of
C57BL/6 cells at rates of 1.4 (p= 0.00064) and 2.0 (p=0.00037)
times, respectively. Additionally, peptides P6.1, P6.2, P1.2, and
P1.4 induced proliferation of BALB/c cells at rates of 3.6
(p= 0.00020), 5.0 (p=0.00052), 7.4 (p= 0.00016), and 5.0
(p= 0.00053) times, respectively (Figure 1).
Quantiﬁcation of the T lymphocyte subpopulations reactive
to the predicted epitopes
The DimerX/peptide complexes were used in ex vivo assays to as-
sess the percentage of CD8+ T lymphocytes that would speciﬁ-
cally bind to these supramolecular complexes, which mimic the
interactions occurring during antigen presentation. The cell/
complex binding was measured by ﬂow cytometry analysis.
In the tests with cells and complexes of DimerX- H2 Db/
peptides, the double staining was interpreted as CD8+ T lympho-
cyte clones speciﬁcally reactive to the complexes. The groups of
reactive clones were discrete in the population, but they could
be detected by cytometry. Clones reactive to the complex
DimerX/P6.2 were the most prevalent, representing 2.56%
(p= 0.00032) of the population. Other groups of reactive clones
represented smaller percentages of the population: 1.31%
(p= 0.00031) bound to DimerX/P6.1, 0.98% (p=0.00028) to
DimerX/P1.2, 0.87% (p=0.000095) to DimerX/P1.3, 0.86%
(p= 0.00036) to DimerX/P1.4, 0.85% (p=0.00034) to P1.1, and
0.62% (p= 0.00035) to DimerX/P6.3 (Figure 2). Equivalent analy-
ses were performed to assess reactive CD8+ lymphocyte clones
Table 1. Epitope potential predicted by the SYFPEITHI
IDa Position aa Haplotypes Score Theoreticalb Observedc
1 2 3 4 5 6 7 8 9 10
P6.1 F C L G G G L C L Db/Kd/Kk/Ld 14/17/7/13 882.11 881.35
P6.2 C L G G G L C L Kb 10 734.93 734.2
P6.3 F C L G G G L C Kk 8 768.95 768.25
P1.1 V M V E Q V I C F Db 15 1067.34 1067.99
P1.2 V M V E Q V I C F D Db 8 1182.42 1181.55
P1.3 M V E Q V I C F D Kd 8 952.09 951.4
P1.4 V E Q V I C F D Kk 11 1083.28 1082.35
aIdentiﬁcation epitope potential predicted from P1 (VMVEQVICFD) and P6 (EFCLGGGLCL) the program SYFPEITHI.
bTheoretical molecular weight determined by the sum of the masses of each aa.
cMolecular mass determined by mass spectrometry.
Figure 1. In vitro T-cell proliferation of mice. For these tests, the popliteal
lymph node cells were obtained from mice infected with Leishmania
(Leishmania) amazonensis or control uninfected mice. These cells were
incubated with 30mg of synthetic peptides (P6.1, P6.2, P6.3, P1.1, P1.2, P1.3,
and P1.4), 30mg promastigote antigen particulate, 1mg Concanavalin A,
and culture medium (RPMI). The tests were directed to identifying T lym-
phocytes (CD8+/BrdU+) and other cell types (CD8/BrdU+) in C57BL/6 (A)
and BALB/C (B) mice. The results of proliferation (%) represent the mean
and the standard deviation of three different assessments.
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able to bind to complexes of DimerX-H2 Ld/peptides. In this case,
the complexes that reacted with larger groups of the population
were as follows in decreasing order: DimerX/P1.2 (1.03%;
p= 0.00033), DimerX/P1.9 (0.7%; p= 0.00029), DimerX/P6.1
(0.6%; p=0.00030), DimerX/P1.1 (0.4%; p= 0.00034), DimerX/
P6.2 (0.3%; p=0.0004), DimerX/P6.3 (0.2%; p= 0.00027) and
DimerX/P1.4 (0.1%; p=0.00025) (Figure 2). The basal ﬂuores-
cence for DimerX staining was also determined with lymph
node cells of uninfected L. (L.) amazonensis mice and subtracted
from the assay values to avoid false estimations of reactive
group percentages.
Using surface plasmon resonance for the evaluation of
H2 : Ig/peptides complexes formation
The biosensor analyses consisted of three consecutive applica-
tions of biological material in the SensiQ Pioneer optical
transduction biosensor: an initial injection of ptn G, a second
injection of DimerX proteins, and a ﬁnal third injection of the
synthetic peptides.
The kinetics of the interaction between DimerX and peptides
were examined after activation of the BioCap sensor chip upon
immobilization of the complexes. The Biocap was activated with
biotinylated ptn G to form a layer that was able to recognize and
bind to the IgG fragment crystallizable region of the fusion pro-
tein. The binding of the ptn G to the BioCap chip exhibited an
average binding rate of 194 ± 25 RU/s, under the deﬁned ﬂow
conditions. Subsequently, this produced a signiﬁcant binding
rate of 864 ± 102 RU/s (p= 0.000011) for the interaction between
the DimerX and immobilized ptn G. Therefore, we hypothesized
that the α1 and α2 domains of both recombinant H2 proteins
were free to interact with the synthetic peptides in solution.
The baseline to deﬁne peptide interactions was the average
binding rate for the DimerX (Figure 3).
The time RU variation was used to evaluate the interactions
between peptides and the tested DimerX. In the analysis with
the haplotype H2 Db, the RU values ranged between 200 and
266 for the peptides P1.4, P6.3, P6.2, and P6.1. The peptides
P1.1 and P1.2 presented interaction values of 400 and 600 RU/s,
respectively. These increments in the RU baseline were statisti-
cally signiﬁcant (p≤ 0.00001) (Figure 4).
Comparable interaction values (between 208 and 289 RU/s)
were observed through the analyses with haplotype H2 Ld for
the peptides P6.2 and P1.3. Other peptides presented distinct
interaction values, P1.2 (400 RU/s) and P6.3 (1200 RU/s). These
values were considered statistically signiﬁcant above the baseline
(p≤ 0.00002) (Figure 4).
Data from SPR assays were used to evaluate the kinetic parame-
ters of the interaction between the DimerXmolecules (representing
twoH2 haplotypes) and the synthetic peptides. Tables 2 and 3 show
the values for the constants ka, kd, and Keq estimated from the SPR
experiments. The peptide with the highest afﬁnity for the DimerX-
haplotype Db was P6.2. The afﬁnities of the other peptides in
Figure 2. T lymphocyte reactivity with DimerX. The assays were
performed by ﬂow cytometry and revealed the complex H2 Db:Ig/
peptide (A) and H2 Ld:Ig/peptide (B). The experiments were conducted
with cells from popliteal lymph nodes of infected (I) and uninfected (NI)
mice with Leishmania (Leishmania) amazonensis. The different peptides
(P6.1, P6.2, P6.3, P1.1, P1.2, P1.3, and P1.4) were previously coupled to
DimerX speciﬁc haplotype mouse cells. The data shown are expressed
as a percentage of double staining cells (CD8+ H2 Db:Ig/peptide or
CD8+/H2 Ld:Ig/peptide) and are representative of three independent
experiments.
Figure 3. Sensogram immobilization of the G protein and H2 proteins
on the sensor chip Bio-cap. (A) Variation in the resonance interaction
kinetics with 5μg of biotinylated protein G (ptn G). (B) Immobilization of
1μg of H2Db: Ig (or H2 Ld: Ig) in ptn G on the sensor chip. The tests were
conducted in a ﬁnal volume of 100ml of running buffer (PBS pH 7.4
containing 0.1% DMSO). The reference line corresponds to the resonance
signal from the running buffer. The data represent an average of the
values of resonance units (RU) per second (s) and are representative of
20 independent experiments.
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increasing order were as follows: P6.3, P6.1, P1.1, P1.4, and P1.2.
For the Db haplotype, the peptide with the lowest dissociation
constant, meaning the formation of a more stable complex, was
the peptide P1.4. This peptide was followed by P1.1, P1.2, P6.3,
P6.2, and P6.1. The equilibrium constant is an indicator of which
peptides present a better balance between afﬁnity and dissocia-
tion constants. The peptides P1.4, P1.1, P1.2, P6.2, P6.1, and P6.3
presented increasing Keq values (Table 2).
Similar analyses were performed for DimerX presenting the
haplotype Ld. For this haplotype, the peptides that presented
the best ka values in ascending order were P6.3, P1.2, P6.2, and
P1.3. For the kd parameter, the peptides with the best values
were P1.2, P6.2, P6.3, and P1.3. Finally, the peptides with best
equilibrium constant values were P6.2, P1.2, P1.3, and P6.3
(Table 3).
To calculate the H2/peptide ΔG° values, we used the afore-
mentioned data. The values of ΔG° for all complexes were
negative, indicating spontaneous binding for all tested peptides
with the H2 proteins (Figure 5). For H2 Db, the peptides with the
lowest ΔG° were in the following sequence: P1.4< P1.1< P1.2<
P6.2< P6.1. For the H2-Ld haplotype, the peptides with the best
values were as follows: P6.2< P1.2< P1.3< P6.3.
DISCUSSION
Leishmania species are intracellular parasites of macrophages
and other cells of the mononuclear phagocyte system (Alexander
et al., 1999). The Leishmania infection is dependent on cell-
mediated immune response (Gollob et al., 2008). In general, the
major effector cell is the CD4+ T lymphocyte-activated macro-
phage (Soong et al., 1997), which is regularly related to the
elimination of infective amastigotes. In the murine model of
L. (L.) amazonensis infection, it has been reported that macrophage
responses are regulated by CD8+ T lymphocytes (Pereira and Alves,
2008). In this context, the outcomes of the present study are in
agreement with the possible activity of CD8+ T lymphocytes,
because T lymphocytes were detected in the lymph nodes of BALB/c
and C56BL/6 mice infected with L. (L.) amazonensis. An upward
tendency for the CD8+ T lymphocytes percentages was noted.
The objective of this work was to show that peptides from the
L. (L.) amazonensis CPB enzyme might be involved in CD8+ T
lymphocyte modulation during infection in mice. This hypothesis
Figure 4. Sensograms of the interaction between peptides and DimerX.
The peptide interactions were achieved for H2 Db:Ig (A) and H2 Ld:Ig (B)
DimerX. The data indicate the variation of the resonance during the
kinetics of interaction of 2μg of peptides (P6.1, P6.2, P6.3, P1.1, P1.2,
P1.3, and P1.4) with 1μg of H2 Db:Ig. The interaction assays were
performed in saline (PBS pH 7.4 containing 0.01% DMSO). The data were
analyzed by subtracting the reference line using QDAT software. The data
represent values of resonance units per second and are representative of
three independent experiments.
Table 2. Analysis of assays surface plasmon resonance H2 Db:Ig/peptide
IDa μMb ka (M1s1)c kd (s1)d Keq(μM)e
P6.1 2.26 1.45 × 10+2 ± 0.032 × 10+2 1.09 × 101 ± 0.019 × 101 754.58 ± 8.08
P6.2 2.72 5.48 × 10+2 ± 0.061 × 10+2 8.30 × 102 ± 0.080 × 102 150.8 ± 1.60
P6.3 2.60 1.31 ± 0.025 3.58 × 103 ± 0.092 × 103 2722.8 ± 87.4
P1.1 1.87 3.0 × 10+2 ± 0.042 × 10+2 1.68 × 103 ± 0.021 × 103 5.60 ± 0.12
P1.2 1.69 9.1 × 10+1 ± 0.045 × 10+1 2.01 × 103 ± 0.012 × 103 22.0 ± 0.15
P1.4 1.85 6.60 × 10+2 ± 0.012 × 10+2 9.92 × 104 ± 0.0152× 10+4 1.51 ± 0.0085
aIdentiﬁcation of peptides predicted (P6.1, P6.2, P6.3, P1.1, P1.2, and P1, 3).
bMolarity of peptides in SPR assays.
cAssociation constant.
dDissociation constant.
eEquilibrium constant. Surface plasmon resonance data not determined. The results represent the mean and the standard
deviation of three different assessments.
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was based upon the current knowledge of the immunological
activities of Leishmania CPB, including the fragment cyspep. This
fragment has features that could interfere in the balance of T
helper lymphocyte responses in mice infected with L. (L.)
amazonensis or other species from the Leishmania (Leishmania)
mexicana complex. We showed that cyspep-derived peptides
produced stable interactions with H2 proteins. Intermolecular
interactions were observed for both BALB/c and C56BL/6 mouse
lymphocytes and induced blastogenesis in cell culture. The dou-
ble staining ﬂow cytometry study indicated that the main group
of cells proliferating was the CD8+ T lymphocytes. This result in-
dicates that infection by L. (L.) amazonensis can induce the prolif-
eration of lymphocyte clones reactive to these peptides.
We found that the proliferation rate induced by cyspep-
derived peptides was different in cell cultures from both mouse
strains assayed here and was increased in BALB/c mouse cell
cultures compared to C57BL/6 cultures. This variation may be
related to the degree of susceptibility that the mice strains
present to infection by L. (L.) amazonensis: BALB/c mice are more
susceptible to this infection than C57BL/6 mice (Pereira and
Alves, 2008; Jones et al., 2002). In summary, cyspep-derived
peptides may be acting as an important parasite factor for
deﬁning the evolution of the infection.
The results also suggest that there is regulation of the murine
immune response by the tested peptides. The analysis of the
cells indicated the presence of peptide-speciﬁc CD8+ T lympho-
cyte clones in the microenvironment of the lesion-draining
lymph nodes. Increasing evidence that the activity of CD8+ T
lymphocytes is critical in the regulation of immune responses.
The afﬁnity of cyspep-derived peptides for H2 proteins from
mice can be reported as the efﬁciency of the T cell receptor
(TcR) recognition on the surface of T lymphocytes. The activation
of the TcR induces activation and proliferation of these cells.
The physiochemical conditions in the SPR assays do not reﬂect
the cellular microenvironment in which these interactions take
place. However, the measured ka values (10+1–10+3M1 s1) are
indicators that these peptides would be capable of forming com-
plexes with the H2 proteins in active antigen-presenting cells dur-
ing the infection. This apparent fast and spontaneous binding can
be one of the reasons causing the preservation of these fragments
from complete enzymatic hydrolysis by the proteasome system.
However, our ﬁndings do not necessarily prove that these
peptides are immunodominant epitopes regulating immune re-
sponse. The peptides with lower kd values would maintain more
stable complexes with H2 proteins and persist long enough to
interact with the T lymphocytes. We have observed some
peptides that presented kd values in a suitable range (104 s1
to 106 s1) and concomitantly presented adequate ka values.
Thus, these peptides are good candidates for immunodominant
epitopes in experimental murine infection by L. (L.) amazonesis.
Based on the SPR data, the Gibbs free energy of the formed
complexes was also analyzed, and the results showed that the
H2-peptides complexes still presented enough free energy to in-
teract with a TcR. All DimerX/peptide complexes examined in the
present study presented ΔG< 0, which suggests their interaction
Table 3. Analysis of assays surface plasmon resonance H2 Ld: Ig/peptide
IDa μMb ka (M1s1)c kd (s1)d Keq(μM)e
P6.2 2.72 1.97 × 10+3 ± 0.012 × 10+3 1.73 × 103 ± 0.02 × 10+3 0.88 ± 0.09
P6.3 2.60 3.3 × 10+1 ± 0.051 × 10+1 4.87 × 103 ± 0.038 × 10+3 150 ± 18
P1.2 1.69 3.70 × 10+2 ± 0.04 × 10+2 4.11 × 104 ± 0.035 × 10+4 1.1 ± 0.15
P1.3 2.10 2.60 × 10+3 ± 0.015 × 10+3 5.49 × 103 ± 0.046 × 10+3 2.1 ± 0.19
aIdentiﬁcation of predicted peptides (P6.1, P6.2, P6.3, P1.1, P1.2, and P1.3).
bMolarity of peptides in SPR assays.
cAssociation constant.
dDissociation constant.
eEquilibrium constant. Surface plasmon resonance data not determined. The results represent the mean and standard deviation of
three different assessments.
Figure 5. Binding free energy for DimerX and synthetic peptides in surface
plasmon resonance assays. The Gibbs free energy of peptide interactions
were determined for H2 Db:Ig (A) and H2 Ld: Ig (B) DimerX. The energy values
are expressed in kilocalorie per mole.
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with the TcR. These energy estimations are indicative of com-
plexes that should be stable when anchored on the surface of
antigen-presenting cells, where the pH is close to neutral.
During mouse infection with L. (L.) amazonensis, the T lympho-
cyte responses are triggered by TcR recognition of H2/peptide li-
gand presented by antigen-presenting cells. This is an imperative
step during in vivo immune responses, because important cellular
signals occur in the context of stable interactions (Von Andrian
and Mempel, 2003; Celli et al., 2008). These interactions are re-
quired for the proliferation and expression of cellular mediators.
Thus, the events of these contacts encode part of the T lympho-
cyte fate. A similar process has been proposed for the dynamics
of T cell-dendritic cell interactions in vivo (Celli et al., 2008).
The DimerX/biosensing analysis drafted in the present study
has the potential to be a powerful tool for the studies in MHC/
epitopes molecular interactions, allowing for acquiring pivotal
information regarding binding strength, interaction speed, and
afﬁnity constants for these complexes formation. These data
can then be used for a ﬁne prediction of peptides that are able
to act as MHC epitopes, inducing immune-related effects.
CONCLUSION
The data presented in this work provide further insights into
immunoregulation of Leishmania infection based on observations
of cyspep-derived peptides with potential immune activity during
the immune response. The information provided by this study
reinforces the hypothesis that the response to different cyspep-
derived peptides can vary among murine strains with distinct
levels of susceptibility to infection and could be a determining
factor for susceptibility.
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